In this paper we numerically analyze the impact of interferences on the probability of success of a localization algorithm. This problem is particularly relevant in the context of sensor networks. Actually, our numerical results are relevant even when we do not consider interferences. Moreover, our numerical computations show that the main harmful interferences are the ones occurring between sensors which get localized at the same time and send simultaneously their own location. This is demonstrated by varying the time span of the random waiting time before the emissions. We then observe that the longer the waiting time the closer the curves are to the ones obtained without interferences. Hence, this proves to be an efficient way of reducing the impact of interferences. Moreover, our numerical experiments demonstrate that among the sectors of disk with same area, the one with the smaller radius of emission and larger angle of emission is the more appropriate to the localization algorithm.
Introduction
Although the numerical tools involved in our analysis can be tailored to deal with different protocols we proceed to the analysis of a simple protocol of transmission which is relevant in the field of sensor networks [1] . The impact of the interferences depends on the statistical occupation of the channels of transmission. Hence, we particularize our analysis to a probabilistic localization algorithm (discussed below) and actually deal with the impact of interferences on the performances of this algorithm.
Two important characteristics of sensor networks are the large number of nodes involved in the composition of the networks and that sensors are usually battery powered, hence limiting the energy consumption is a key issue [27, 28] . Also, the protocols involved in the establishment and use of the networks have to be as simple as possible to limit the energy consumption due to the exchange of synchronization messages. These requirements make relevant to consider random access channel introduced in [4]. Besides its simplicity random access is relevant in some situations to optimize the transmission delay [7] and hence, can be a better alternative of the different protocols.
Another important characteristic of sensor networks is that they are datacentric, meaning that sensors are less important than the data they convey. Typically, sensors are used to proceed to some measurements and convey the measured values towards one (or more) particular stations which is able to collect and process the data's. However, for the data to be meaningful one should attach to it the location where the measurement was made. Then sensors are to be localized. This can be done by adding hardware resources, for instance GPS electronic devices, to sensors. But this would conflict with the requirements of minimizing the energy consumption as well as lowering the price of the entire system. The probabilistic localization algorithm studied in this paper assumes that a few anchors are equipped with electronic devices to ensure their localization. The others sensors compute their own position by 3-lateration given the position of their localized neighbors. This procedure requires the estimate of the distance between sensors. This can be achieved for instance, by Time of Arrival (ToA) or Received Signal Strength Indicator (RSSI) techniques.
Related Work
Localization algorithms are widely analyzed in the literature. General considerations and various strategies can be found in [26, 28, 10] . In [29] the accuracy of range free localizations algorithms are analyzed. The main interest of these protocols as opposed to range based protocols is that they minimize the required hardware. Particularly, there is no need to estimate the distances between sensors. In [8] numerical evaluation of various protocols is done in the context of optical sensor networks. In [13, 14] the authors consider a particular technique for estimating the distances between sensors and proceed to real experiments based on Motes 1 sensor systems. From a complexity point of view, in [3, 6] NP-hardness results are provided for the localization and connex problems. These results support the application of approximation algorithms and numerical investigations. Concerning the analysis of the impact of interferences, we mention [9, 16] and references therein. These papers are based on a model of interferences called the capture model which assumes that a communication can be established given that the ratio of the signal to noise is large enough. In this paper, we consider a different model called the collision model, at once two sensors emits towards a third same sensor there is collision and the data is lost. Moreover, we keep fixed the number of sensors and look for the impact of the networks parameters. The numerical methods we use for the numerical experiments are particular stochastic estimation methods [24, 22] . The general frameworks as well as some applications of the methods are discussed in [19] . The numerical experiments presented in this paper are different than the ones suggested in [19] and actually both papers are complementary. As far as we know, no previous similar works are present in the literature. However, stochastic estimation methods seems to
